Three types of ceramic scaffolds with different composition and structure [namely synthetic 100% hydroxyapatite (HA; Engipore), synthetic calcium phosphate multiphase biomaterial containing 67% silicon stabilized tricalcium phosphate (Si-TCP; Skelite™) and natural bone mineral derived scaffolds (Bio-oss®)] were seeded with mesenchymal stem cells (MSC) and ectopically implanted for 8 and 16 weeks in immunodeficient mice. X-ray synchrotron radiation microtomography was used to derive 3D structural information on the same scaffolds both before and after implantation. Meaningful images and morphometric parameters such as scaffold and bone volume fraction, mean thickness and thickness distribution of the different phases as a function of the implantation time, were obtained. The used imaging algorithms allowed a direct comparison and registration of the 3D structure before and after implantation of the same sub-volume of a given scaffold. In this way it was possible to directly monitor the tissue engineered bone growth and the complete or partial degradation of the scaffold. Further, the detailed kinetics studies on Skelite™ scaffolds implanted for different length of times from 3 days to 24 weeks, revealed in the X-ray absorption histograms two separate peaks associated to HA and TCP. It was therefore possible to observe that the progressive degradation of the Skelite™ scaffolds was mainly due to the resorption of TCP. The different saturation times in the tissue engineered bone growth and in the TCP resorption confirmed that the bone growth was not limited the scaffold regions that were resorbed but continued in the inward direction with respect to the pore surface.
Introduction
In recent years, synthetic and natural porous ceramic materials have been widely used as scaffolds in bone tissue engineering (Anselme et al., 1999; Hench and Polak, 2002; Cancedda et al., 2003) . Major requirements for such materials are biocompatibility, porosity and a biodegradation rate corresponding to the one of bone formation upon replacement of the scaffold by the new bone tissue (Langer and Vacanti, 1993) . As the new bone tissue incorporates the scaffold material, the scaffold itself should be biodegradable either through cellular events or as a result of the surrounding environment . However, the exact mechanism of the scaffold biodegradation has been only partially clarified and the results from the different studies are often contradictory.
Histological observations from animal studies and human biopsies showed that calcium phosphate and hydroxyapatite (HA) based materials, such as bioactive glass and tricalcium phosphate (TCP) degrade mainly by physicochemical dissolution with osteoclasts playing only a minor role (Tadjoedin et al., 2000; Suba et al., 2006) . This finding is in agreement with the results obtained by Knabe et al. (2008) , who examined human biopsies and specimens from a sheep study. In these investigations, undecalcified histological sections were stained for tartrate-resistant acid phosphatase activity to reveal the possible presence of cells with osteoclastic activity close to the calcium phosphate bone substitute materials. On the contrary, other authors reported that scaffold biodegradation occurred mainly as result of an osteoclastic activity (Schepers et al., 1991; Mastrogiacomo et al., 2007) . The latter mechanism of biodegradation is to be preferred (Schenk, 1991; Rumpel et al., 2006) , because mimicry of the physiological bone resorption process should create optimal surfaces for colonization by osteoblasts and vascular tissue.
In the literature, different opinions exist on the biodegradation of the natural bone derived mineral scaffolds, such as Bio-Oss®, but the prevalent view is that they can be resorbed (Rumpel et al., 2006) . Duda and Pajak (2004) , amongst others, have observed BioOss® remnants in patients even several years after Komlev et al. Biodegradation of porous calcium phosphate scaffolds implantation. Implantations performed in dog cranial bones (Merkx et al., 1997) could not demonstrate significant biodegradation after several months, although the biomaterial could be resorbed by osteoclast-like cells (Merkx et al., 1999) . Indeed, a recent human study (Zaffe et al., 2005) reports biodegradation of these biomaterials by osteoclasts.
BIODEGRADATION OF POROUS CALCIUM PHOSPHATE SCAFFOLDS IN AN ECTOPIC BONE FORMATION MODEL STUDIED BY X-RAY COMPUTED MICROTOMOGRAPHY
The reason for such apparent discrepancies may lie in the used models and/or the adopted techniques. In general terms, traditional histological analyses may be scored or graded based on degree of tissue necrosis/degeneration, fibrosis, and types and amounts of inflammatory and foreign body giant cells present. It is clear that such tests do not fully measure biodegradation ability and do not allow the understanding of the underlying mechanisms. Fluid extracts from scaffolds may be used to determine the presence of an acute biological reactivity and of possible degradation compounds (Bumgardner et al., 2004) . Attempts have been performed to study resorbability based on combining standard radiographic image analysis and histology (Giannoni et al., 2008) . However, the results are clearly unsatisfactory, although consistent with the other applied techniques, and a need for improvement exists. In this context the three-dimensional (3D) nondestructive X-ray computed microtomography (microCT) may contribute to a better understanding of the biodegradation processes and therefore, to a better fulfillment of the tissue engineering needs for the development of the future generation biomaterials (Komlev et al., 2006; . Several publications are dealing with studies by microCT of the biodegradation of the implanted porous scaffolds (Papadimitropoulos et al., 2007; Renghini et al., 2009) . All these studies compared in different scaffolds the percentage of the total sample volume fracture or the thickness of the investigated biomaterials either before (control) or after implantation. At most, different sub-volumes of the same scaffolds before and after implantation were analyzed. Therefore, scaffold degradation rate and mechanism were not exactly monitored by these approaches.
In fact, microCT images of the same scaffold volume acquired at different times (before and after implantation) should be combined to more satisfactorily study the scaffold biodegradation. However, structures are likely to have changed their positions between the acquisitions due to a number of reasons, and combining the images could be a very difficult experimental task. Indeed, combining these types of images requires their geometric warping so that corresponding image structures correctly align -image registration. Such techniques have for instance been applied to the evaluation of bone loss in ovariectomized animal models (Waarsing et al., 2006; Klinck et al., 2008) . At the present, there are a number of different kinds of registration techniques (Brown 1992; van den Elsen et al., 1993; Modersitzki, 2004; Schmitt et al., 2007) for different registration problems, in particular for the alignment of images of serial sections. This includes e.g., rigid, affine and elastic registration. Rigid and affine transformations are easy to be unequivocally formulated in simple mathematical terms and need only very few parameters to be adjusted for registration, namely: translations, rotations, scaling factors, and skewing factors. However, significant deviations may remain after rigid/affine registrations. To compensate for those, elastic registration needs to be applied. Contrary to its rigid/affine counterparts, elastic registration has not yet become a standard technique that is used on a routine basis, the reason being that elastic registration is much more difficult to achieve and, as of yet, no generally accepted solution is available (Hamisch et al., 2006) . These methods will help with the registration of highly disparate modalities that provide insufficient image structures. On the other hand, none of them were applied to investigate biodegradation of the scaffolds.
In this work, to investigate scaffold degradation, a wellestablished model of ectopic bone formation was adopted in which bone marrow-derived mesenchymal stem cells (MSC) were loaded onto different porous scaffolds and subcutaneously implanted in immunodeficient mice. Scaffolds implanted in the mice for different lengths of time were analyzed by microCT using registration of several series of images.
Materials and Methods
Porous ceramic scaffolds and tissue engineering constructs Marrow aspirates were obtained from the iliac crest of sheep as part of a protocol approved by the competent ethics authority. Detailed protocol for bone marrowderived mesenchymal stem cells (MSC) expansion in vitro and histological protocols have been described elsewhere (Muraglia et al., 1998) . Briefly, the cell-nucleated fraction of 20 mL bone marrow aspirate was suspended in Coon's modified Ham's F12 medium supplemented with 10% fetal calf serum, human recombinant fibroblast growth factor 2 (1 ng/mL), and antibiotics, and plated at a density of 1×10 6 cells/cm 2 . Medium was changed twice a week. When culture dishes were nearly confluent (passage 0), MSC were detached with trypsin-EDTA and 5×10 5 cells were replated in 100 mm dishes (passage 1). At the next subconfluence, MSC were detached and used for implants.
Three types of bioceramic scaffolds were considered, namely synthetic 100 % hydroxyapatite (HA; Engipore), synthetic calcium phosphate multiphase biomaterial containing 67% silicon stabilized tricalcium phosphate (Si-TCP; Skelite TM ) and natural bone mineral derived scaffold (Bio-Oss®). All scaffolds were small cubes with a dimension of about 4×4×4mm. Bioceramic/MSC composites were implanted subcutaneously on the back of the mice (up to four implants for each animal). Mice were sacrificed at different lengths of time after implantation, and the harvested samples were fixed in paraformaldehyde (PFA 4% in phosphate buffered saline, PBS) for 2 h at 4°C.
Image acquisition: synchrotron radiation microCT
MicroCT experiments were performed using synchrotron radiation at the ID19 beam line of the European Synchrotron Radiation Facility (ESRF) in Grenoble, France. The acquisition setup is based on three-dimensional (3D) parallel tomography previously described (Salome VS Komlev et al. Biodegradation of porous calcium phosphate scaffolds et al., 1999) . Briefly, the transmitted intensity was recorded by a two-dimensional (2D) detector, which consists of a Gadox scintillator (an X-ray-to-visible light converter), light optics for magnification of the image, and a FReLoN CCD camera developed at the ESRF. The camera has 14-bit dynamic range and a 2048×2048 pixel chip. In our experiments, the pixel size was fixed at 4.91 μm, thus yielding a field view of 6 mm. The sample-to-detector distance was fixed at 15 mm and a 27 keV beam energy was found to provide suitable contrast as reported in (Komlev et al., 2006) . The exposure time was 3 s per projection. For each sample, 1100 radiographic images (or projections) with 2048×2048 pixels were acquired at different angles of view, ranging from 0 to 180°.
Image reconstruction for microCT
After tomographic acquisitions, 3D images were reconstructed from the series of 2D projections using a 3D filtered back projection algorithm implemented at ESRF (Salome et al., 1999) . A volume of about 800 3 voxels was reconstructed, yielding a voxel with a 4.91 μm size in the three directions of space.
3D visualization and parameters quantification
Direct volume rendering (DVR) methods were selected to map elements directly into screen space without using geometric primitives as an intermediate representation. To this end, the commercial software VG Studio MAX 1.2.1 (Volume Graphics GmbH, Heidelberg, Germany) was used to produce 3D images, which efficiently implemented various DVR methods, especially with large volume datasets.
Volume segmentations
An automated multi-threshold segmentation method based on (Otsu et al., 1979) was used to highlight and separate the different phases (scaffold, bone) from background. More precisely, after separation of the different phases by a multi-thresholding procedure of post implanted samples, each of the histograms was partitioned in equal zones according to (Papadimitropoulos et al., 2007) .
Image analysis tools derived from mathematical morphology are often used to process images (Matheron, 1975; Serra, 1982) . The basic morphological operations are erosion and dilation. Dilation, in general, causes objects to dilate or grow in size; erosion causes objects to shrink. The amount and the way that they grow or shrink depend upon the choice of the structured element. The opening operation is somewhat like erosion in that it tends to remove some of the foreground (bright) pixels from the edges of regions of foreground pixels. On the other hand, "closing" is similar in some ways to dilation but it is less destructive of the original boundary shape (Iyer and Sinha, 2006) . Therefore, the mathematical morphology operator "closing" was applied to enlarge the boundaries of foreground regions, shrink background holes and isolated points.
Extraction of quantitative parameters
The 3D data volumes produced by the image reconstruction process were used in order to quantify the parameters, which characterize the structures of the scaffold and of the new bone. Once the different phases were segmented, volumes of the phases itself (bone volume and scaffold volume) were easily calculated counting the voxels in the specified segmented data range. Morphometric parameters, such as new bone and scaffold thicknesses, were evaluated according to (Dougherty and Kunzelmann, 2007) , where the mean thickness and its distribution were calculated in a direct way and independently of an assumed structural model. Briefly, the computation of the thickness value was defined as the average of the local thickness at each voxel representing a given phase (new bone and scaffold). The volume-based local thickness for a point in a phase was defined as the maximal diameter of a sphere, which satisfies simultaneously the conditions: (a) the sphere encloses the point and (b) the sphere is entirely bounded within the phase.
Volume registration
In the first approach we applied well-known affine linear registration that is based on gray level intensities. Volume registration was used in Java as a plugin for free open software ImageJ (http://rsbweb.nih.gov). It can be performed by automatic 3D registration either on the whole volume or on the selected subvolume. Volume registration using the whole volume can be too lengthy to be practical for moderately sized images. Therefore, only the selected 3D subvolumes after segmentations (see Volume segmentation) were registered. The value of the similarity function during optimization was applied too. Similarity functions include correlation coefficient, sum of absolute differences, and mutual information. Transformations include various types of affine (non-warping) operations. The optimization algorithms include Powell's algorithm, a parabolic fit to random points, simulated annealing, or no operation (useful for plotting). Interpolation methods include nearest neighbor, tri-linear and a random jitter. Similarity functions can be summarized as follow: the correlation coefficient is defined
, where f and g are the pixel values of two images (F and G), E{} is the average over the pixels in the image, and m f and m g are the respective mean values. The correlation coefficient is just a cross correlation normalized for the power in the images. The sum of absolute differences is defined as 1-sum{|(f-m f )-(g-m g )|}/sum{|f-m f |+|g-m g |}, where sum{} is the sum over the pixels in the image. Both the correlation coefficient and the sum of absolute differences assume that the two images are on the same scale. White objects in F correspond to white objects in G, and black objects in F correspond to black objects in G. These two similarity functions are most appropriate for aligning images from the same modality, e.g. microCT. More information can be found at http://rsbweb.nih.gov.
However, after affine linear registration, images are affected by local nonlinear deformations that need to be reduced by the nonlinear approach elastic registration (Schmitt et al., 2007) . Therefore, a local nonlinear technique like elastic registration is an inevitable procedure for a consequent final alignment of microCT images. To this purpose, an ImageJ plugin that allows the simultaneous VS Komlev et al. Biodegradation of porous calcium phosphate scaffolds registration of two images based on elastic deformations represented by B-splines was used (Sánchez Sorzano et al., 2005) . B-splines are piecewise-polynomial bases with a low computational cost, which makes them very attractive. Because their approximation properties are optimal in a mathematically well-defined sense, they are extremely useful to model many functions; in particular, the deformation field can be viewed as a set of several functions (one per coordinate) which in turn are modeled by a linear sum of weighted and shifted B-splines. The set of weights, which are called the B-spline coefficients, fully characterize the transformation (Sánchez Sorzano et al., 2005) . Finally, synchronization should be used. Synchronization may be interactive or partially or fully automatic with help of a fusion algorithm that is described elsewhere (Stokking et al., 2003) . We adopted the full fusion automatic algorithm. The exact synchronization of data sets provides capacity for image fusion with superimposition of both sets of imaging data in one image data set for further treatment.
Results
To investigate scaffold biodegradation occurring in vivo, microCT acquisitions were performed on the same scaffolds prior and after cell seeding and implantation thus enabling in situ comparative studies. Small cubes of three different scaffolds (Engipore (hydroxyapatite), Skelite TM (silicon-stabilized tricalcium phosphate) and Bio-Oss® (natural bone mineral)) were imaged ( Fig. 1) before cell seeding and implantation in immunodeficient mice for 8 and 16 weeks, respectively. Significant differences existed in the internal microarchitecture of the three scaffolds. Histomorphometric data for the scaffolds before implantation are reported in Table 1 .
When microCT data of the scaffolds obtained both before and after implantation were considered, we first compared the thickness distributions of the scaffold walls (Fig. 2 panels A-C) . Examples of a central virtual slice through the 3D structure of each sample showing the local wall thickness map before and after implantation, are shown in Fig. 2 (panels A1-C2 ). From these distributions a significant degradation in the implanted scaffold could be observed only in Skelite TM . In Engipore and Bio-Oss® no and a little decrease, respectively, of the scaffold wall thickness were detected. To illustrate the quality of the data an example of data treatment for non-(Engipore) and resorbable (Skelite TM ) scaffolds is presented in Fig. 3 . Our obtained results are in agreement with those reported in (Papadimitropoulos et al., 2007; Peyrin et al., 2007; Dougherty and Kunzelmann, 2007) .
Volume registration was used to register images of the same scaffolds before and after implantation as described in the Materials and Methods section. The 3D displays of subvolumes of all three scaffolds before implantation are shown in Fig. 4 (panels A0-C0) . In order to have a pictorial view and a better basis for the interpretation of the registered images, in Fig. 4 (panels A1-C1 ) we also present Table 1 . Histomorphometric data for scaffolds before implant.
S.Th = scaffold mean thickness; PoreV = total volume of the pores; PoreD = pore diameter. 
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images of the bone tissue-engineered constructs of the same sub-volumes at 8 weeks after implantation in mice. Scaffold material (white) and the new bone (pink) are clearly visible. The 3D displays of the registered pre-and post implanted images are shown in panels A2-C2: blue volumes indicate portions of scaffolds present in the preimplantation sample and to void volumes after implantation and correspond to completely resorbed scaffolds. Yellow volumes indicate original scaffold volumes in which after implantation a reduction of the sample density was observed and could correspond to partially resorbed scaffold, or to deposited bone with a higher density (bone with a particular high mineral content), or a combination of the two (bone deposition in a partially resorbed scaffold). Also this type of analysis confirmed that a significant scaffold biodegradation after 8 weeks implantation occurred only in the Skelite TM sample, while a minimal biodegradation was observed in the Bio-Oss® and none in the Engipore samples. Based on these findings, the scaffold degradation in the tissue engineered implanted constructs was investigated after 16 weeks implantation only for the Skelite TM . 3D displays of registered images of pre-and post implantation Skelite TM samples implanted for 8 (A) and 16 (B) weeks are presented in Fig. 5 (panels A-B) , respectively. As in the registered images of Fig. 4 (panel B2) blue and yellow correspond to totally and partially resorbed scaffold, respectively. The volume percentage distribution of the different phases is presented in panels A1 and B1. An increase in the percentage of the resorbed scaffold was observed with the increased implantation time.
To better investigate the transition zone between Skelite TM scaffold and bone where an overlap could exist between newly deposited bone and partially resorbed scaffold, as well as to depict spatial correlations between the different phases, different color hues were applied to the volume histograms (Papadimitropoulos et al., 2007) . In Fig.6 , after separation of the different phases by a multithresholding procedure (see Materials and Methods), each of the histograms was partitioned in equal zones (Fig. 6 , panel A1-B1). A pink color progressively changing to white was used to identify the scaffold whereas a red color turning to cyan was applied to the new bone phase. Additionally, the green-cyan colors were chosen to identify the transition phase. In Fig. 6 (panel A-B ) two different 3D-reconstructions of the same volume and their partitioned histograms for the 16 weeks implant are shown. The segregation of the pink hues close to the bone deposition zones, which characterizes the scaffold phase observed in The images show the new bone (pink) on the surface of the scaffolds (white). In the panels A2-C2 are presented the images obtained by combining (registering) the data of panels A0-C0 with those of panels A1-C1. Blue volumes indicate portions of scaffolds present in panels A0-C0 (pre-implant) and absent in panels A1-C1 (after implantation) and correspond to completely resorbed scaffold. Yellow volumes indicate virgin scaffold volume in which after implantation a reduction of the sample density is observed (see text).
VS Komlev et al.
Biodegradation of porous calcium phosphate scaffolds the post-implant scaffolds (panel A-B), but not in the preimplant scaffold (not shown), suggests that the new bone deposition was associated with the occurrence of some scaffold alterations. For the same sample sub-volume a registration was performed of the scaffolds before and after implantation (panels C-F). Panel F is a replica of panel D in which the blue volumes (completely resorbed scaffold) have been canceled and the red volume (bone) made transparent to better visualize the volumes underneath. Arrowheads indicate some of the areas of resorbed scaffold where new bone has been deposited (Compare panel F and panel A) .
To complete the study, composition and volumes of the Skelite TM scaffolds and new bone volumes were quantified in samples implanted for different times, from 3 days to 24 weeks. Volume histograms of implanted scaffolds are shown in Fig. 6A . In the pre-implanted Skelite TM scaffolds 2 peaks were observed for relatively high values of the coefficient, corresponding to the scaffold material two components -tricalcium phosphate (TCP) and hydroxyapatite (HA). The TCP volume decreased with increasing time of implantation. The HA volume was almost constant. In the implanted samples for more than 2 weeks an additional peak was observed at lower X-ray Table 2 . Histomorphometric data for MSC seeded scaffolds after 8 week implantation NB.Th = newly formed bone mean thickness; NB.V = newly formed bone volume; S.Th = scaffold mean thickness after implantation.
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absorption values corresponding to the new bone. It can be seen that the central position of this peak associated with the new bone shifts to higher values, as far as the implantation time is increased. This effect is attributed to the progressive increase of the degree of mineral concentration (inducing an increase in the linear absorption coefficient) as a function of implantation time.
Histomorphometric data for scaffolds after implantation are reported in Table 2 .
Discussion
An ideal scaffold for bone tissue engineering should initially provide a support for the bone deposition by the osteogenic cells, and then it should be resorbed at a rate corresponding to the one of bone formation upon replacement of the scaffold by the new bone tissue. Ceramic scaffolds made of TCP or HA/TCP have been extensively used in bone tissue engineering. TCP is the main resorbable component of such scaffolds. However, TCP is resorbed by random dissolution, while the ideal scaffold should be resorbed by cell-mediated processes, contemporary to the new bone deposition. We previously reported evidence for a coupling between bone formation and scaffold biodegradation when ceramic scaffolds based on silicon stabilized tricalcium phosphate (Si-TCP; Skelite™), seeded with bone marrow derived mesenchymal stem cells were ectopically implanted for 2, 4 and 6 months in immunodeficient mice et al., 2007) . When we analysed the implanted scaffolds by X-ray synchrotron radiation microCT, the experimental approach allowed the extraction of several structural and morphometric parameters and the kinetics of the tissue engineered bone growth in connection with the biodegradation rate of the scaffold. Simultaneous investigation on 100% HA was presented too, where, as expected, no scaffold resorption was observed.
In the present work that should be considered a continuation and an implementation of the previous one, in addition to 100% HA and Si-TCP, also a natural bone mineral derived scaffold (Bio-Oss®) was investigated, using X-ray synchrotron radiation microCT. The seeding with MSC and the implantation in the immunodeficient mice were performed according to the same protocol as used previously (Papadimitropoulos et al., 2007) ; the implantation times for all three different scaffolds were 8 and 16 weeks, respectively. On the contrary, a significant improvement was introduced in the imaging procedure, by making possible the comparison of the same subvolumes of the samples before and after implantation as will be discussed below. In addition, a detailed kinetic study was performed for Skelite™ scaffolds implanted for times that varied between 3 days and 24 weeks.
The images of the three scaffolds before implantation revealed an appreciable difference among their morphologies (Fig. 1) . In particular the Bio-Oss®, which was investigated by us for the first time, contained elongated ellipsoidal pores, whereas the HA scaffold contained roughly spherical pores.
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The histograms of the distribution of the thickness of the scaffold wall of Fig. 2 (A) and 2(B) , confirmed the results previously obtained in (Papadimitropoulos et al., 2007) , namely biodegradation for the Si-TCP scaffold and lack of it for the HA scaffold. The newly investigated BioOss® showed a very little decrease of the scaffold wall thickness; the decrease was at the limit of detectability, and needs to be confirmed by additional experiments. Panels A1-C1, obtained by an imaging technique, not used in (Papadimitropoulos et al., 2007) , give an instantaneous pictorial view of the variation in scaffold wall thickness and confirm in a rather impressive way the uniqueness of the biodegradation process in Skelite™.
Probably the strongest driver for combined imaging in bone tissue engineering is its capability to provide an appreciable contribution to a better understanding of the scaffold biodegradation phenomenon. The obtained results demonstrated the benefits of the imaging treatment used in the present study. However, a registration algorithm that has been configured for a specific target application such as a scaffold biodegradation study must be validated in view of the application requirements. Validation requires some basic truth from which the quality of a registration result can be inferred (Hamisch et al., 2006) . Therefore, some phantom images are needed which can provide a basic truth for a technical validation to estimate consistency and accuracy of a registration procedures. In our case the study was performed on Engipore scaffold in order to obtain a validation of the registration used. We showed that Engipore scaffold before and after implantation were superimposed with a high accuracy. This result correlates with the common knowledge based on literature data that HA is a non-biodegradable material. Moreover, the observed and quantified general biodegradation behavior of Skelite TM and Bio-Oss® according to the present work were in agreement with previously reported data (Komlev et al., 2006; Merkx et al., 1997; Merkx et al., 1999; Rumpel et al., 2006) .
On this basis, to obtain information on the 3D structural changes of the scaffolds occurring during the implantation, the same image treatment that allows a direct comparison of the 3D structure (before and after implantation) of the same sub-volume of a given scaffold, was applied to all three scaffolds. The data reported in Figures 4-6 show the good performance of the adopted procedure, demonstrating the visualization at the same time of both the tissueengineered bone growth and the complete or partial biodegradation of the scaffold.
The analysis proposed in the present paper is a major improvement as compared to the imaging procedure adopted in our previous work (Papadimitropoulos et al., 2007) , where only a comparison between different sub- VS Komlev et al. Biodegradation of porous calcium phosphate scaffolds volumes of the implants before and after implantation was made. Finally, a high content of innovation is associated to the detailed kinetics studies on the Skelite™ scaffolds implanted for different times, not only due to the large number of the implantation times investigated, but also to the recording in the X-ray absorption histograms of separate peaks associated to HA and TCP in the same scaffold (Fig. 7) . It is therefore possible to observe that the progressive biodegradation of Skelite™ scaffold is eventually due to the TCP component.
It should be noted that when we investigated by microdiffraction studies the interfaces between the newly formed bone and the Skelite™ scaffold, the local structural study at the interface indicated that scaffold biodegradation was mainly due to TCP depletion (Papadimitropoulos et al., 2007) .
Moreover, saturation in the TCP resorption occurred at an implantation time of about 8 weeks, whereas saturation in the tissue engineered bone occurred at an implantation time of about 24 weeks. This could indicate that the bone growth did not occur only in the scaffold volume that was resorbed, but also in the inward direction with respect to the pore surface. This finding is in agreement with the results presented in Fig. 5 of reference , and in Fig. 4 of reference (Papadimitropoulos et al., 2007) .
Conclusion
The obtained results in addition to confirming the wellknown non-biodegradability of HA demonstrated that the observed and quantified general biodegradation behavior of Skelite TM and Bio-Oss® is in agreement with that reported in (Komlev et al., 2006; Merkx et al., 1997; Merkx et al., 1999; Rumpel et al., 2006) . Nevertheless, the promising and effective 3D microCT registration procedure employed in the present work, together with the adoption of a large number of implantation times, introduces an appreciable increase in the existing information with regard to biodegradation of bone mimetic scaffolds and of Si-TCP based scaffolds in particular. The new approach allows a deeper insight in the investigated biological phenomena, and can be extrapolated further in bone tissue engineering research possibly by combining the data with the 3D data on angiogenesis obtained by the use of holotomographic technique .
